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Abstract 
The rare earth-iron oxalate-bridged complexes CeFe(C2O4)3·9H2O and PrFe(C2O4)3·9H2O have been synthesized. 
In the sample CeFe(C2O4)3·9H2O, the magnetic susceptibilities of the compound can be fit to the Curie-Weiss law 
and Weiss paramagnetic Curie temperature of Ԧ=-1.4K.the hyperfine field parameters show that the dependent of the 
hyperfine field and the spontaneous magnetization and that of the spontaneous magnetization and temperature in the 
latticed FeII and FeIII.There are a clear bifurcation phenomenon of the field-cooled (MFC) and Zero-field-cooled 
(MZFC) magnetization curves at the Ne´el temperature (4 K ).In the sample PrFe(C2O4)3·9H2O,the Weiss 
paramagnetic Curie temperature Ԧ=-2.7 K,There are a bifurcation of the ZFC and FC plots at the Ne´el temperature 
(6 K ).The negative Weiss constant indicates an intramolecular antiferromagnetic coupling interaction between the 
adjacent Fe(II) and Fe(III) ions through the oxalate bridge.The oxalate group has been shown to be an excellent 
bridging ligand in supporting the magnetic exchange interaction.  
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1. Introduction 
In recent decades, scientists have synthesized a variety of bridged metal complexes of molecular 
magnetic materials[1-4],  cyano-bridged polynuclear complexes are a kind of Ferromagnetic compounds 
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that have high critical temperature now, and rare earth-iron cyano-bridged complexes have been reported 
in the literature, but the crystal structure of rare earth-iron Oxalate-bridged complexes and the size of the 
magnetic interaction between rare earth ion and iron ion have not been reported.but the size of the 
magnetic interaction between rare earth ion and iron ion have been rarely reported.In the paper we report a  
earth-oxalate-bridged complexes CeFe(C2O4)3·9H2O and PrFe(C2O4)3·9H2O detailed investigation of the 
ferromagnetism behaviour , and measure the variable temperature magnetic susceptibility of the 
complexes finding that measuring the temperature from room temperature to low temperature,the 
complexs show the change from the paramagnetic phase to antiferromagnetic phase and the phase 
transition point is near 5K.thus the magnetic properties showed typical paramagnetic interaction.The essay 
studies the law of the magnetic properties presented by the lanthanide due to the contraction of its 
lanthanide,which provides a possible basis for shows the change for the further study of synthesis and 
magnetic properties of oxalate-bridged  rare earth - transition metal (Fe3+) complexes . 
2. Experiment section 
2.1. Materials and physical measurements 
Fe2(C2O4)3·5H2O ,Ce(NO3)3·6H2O and Pr(NO3)3·6H2O  are reagent grade, and without further 
purification. 
For the characterization of the samples we used Perkin Elmer Corporation Spectrum One FT-IR 
Spectrometer Fourier transform infrared spectrometer (KBr pellet), with the radiation spectrum of the 
4000~400cm-1; Perkin Elmer Corporation PE2400 II elemental analysis device; Perkin Elmer TGA 
detector. Magnetization measurements were measured by a Quantum Design MPMS-7S superconducting 
quantum interference device (SQUID) magnetometer; The powder diffraction data are measured using the 
Bruker D8 ADVANCE x-ray diffractometer instrument (Cu-ka).  
2.2. Synthesis 
Starting materials were used as commercially obtained. K3[Fe(C2O4)] was prepared according to 
literature methods [5-6]. The sample CeFe(C2O4)3·xH2O was prepared by the following method: An 
aqueous solution of Fe2(C2O4)3·5H2O (2.0 mmol) was added to an aqueous solution of Ce(NO3)3·6H2O 
(2.0 mmol) under Ar atmosphere in the dark at room temperature. After 30 minutes, the solution was 
filtered to remove the remaining small amount of Fe(C2O4). The precipitate was dialyzed by adding a 
methanol solution of NBu4Br (2.2 mmol) to the filtrate. Thereafter the resulting green precipitate was 
washed with distilled water and dried. Anal for C22H36NO12FeCe. calcd : C, 11.58;  H, 2.92.  Found: C, 
11.54;  H, 2.81. 
The sample PrFe(C2O4)3·yH2O  was prepared by the following method: An aqueous solution of 
Fe2(C2O4)3·5H2O  (2.0 mmol) was added to an aqueous solution of Pr(NO3)3·6H2O (2.0 mmol) under Ar 
atmosphere in the dark at room temperature. After 30 minutes, the solution was filtered to remove the 
remaining small amount of Fe(C2O4). The precipitate was dialyzed by adding a methanol solution of 
NBu4Br (2.2 mmol) to the filtrate. Thereafter the resulting green precipitate was washed with distilled 
water and dried.Anal for C22H36NO12FePr. calcd :  C, 11.57;  H, 2.91.  Found: C, 11.78;  H, 2.76. 
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3. Results and discussion 
3.1. Characterization 
Thermal gravimetric analysis (TG) has given weight ratio of the crystal water in molecular formula 
weight. In a procedure monitored by Thermal gravimetric analysis(as shown in Figure.1), weight is lost at 
37-150 °C, then compound remains thermally stable in the temperature interval of 150– 240 °C , weight 
loss found  26.3% and  24.8%[CeFe(C2O4)3·xH2O and PrFe(C2O4)3·yH2O],that is situation all the water 
molecules loseˈso the compound contains 9 crystal waters by Calculation.Magnetic measurements were 
made using a Quantum Design MPMS 7 SQUID magnetometer.  
 
Fig. 1.  TG spectrum of the samples.[CeFe(C2O4)3·xH2O and PrFe(C2O4)3·yH2O] 
Infrared analysis, thermogravimetric analysis, elemental analysis and ICP-AES are used to 
characterize the samples.The FT-IR spectrum of the compound is shown in Figure.2. The figure of 
sample CeFe(C2O4)3·9H2O shows  C2O4 stretching bands at 1661.96 cm-1 ,812.88 cm-1,1440.65 cm-1and 
1317.33cm-1.It shows indicating the existence of Oxalate-bridged group in this compound. Meantime, the 
broad peak at 3428.75cm-1  correspond to the v(O-H) of the crystal water. 
 
Fig. 2.  FT-IR spectrum of the samples.[CeFe(C2O4)3·9H2O and PrFe(C2O4)3·9H2O] 
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The figure of sample  PrFe(C2O4)3·9H2O shows  C2O4 stretching bands at 1660.41 cm1 ,813.46 cm-
1,1440.02 cm-1and 1314.34 cm-1.It shows indicating the existence of Oxalate-bridged group in this 
compound. Meantime, the broad peak at 3430.38cm-1  correspond to the v(O-H) of the crystal water. 
3.2. Magnetism analyses 
The temperature dependent magnetic susceptibility measurement for the samples[CeFe(C2O4)3·9H2O 
and PrFe(C2O4)3·9H2O] were carried out in the temperature range 2-300 K at the external field of 1 kOe. 
The result is presented in Figure 3 and Figure 4.The Weiss constant T was obtained by extrapolating the 
linear portion of Ȥ-1 versus T to Ȥ-1 = 0.  
 
Fig. 3.  xm for CeFe(C2O4)3·9H2O  Insert: plot of xm-1 versus T .     Fig. 4.   xm for PrFe(C2O4)3·9H2O  Insert: plot of xm-1 versus T . 
In the magnetic measurements of PrFe(C2O4)3·9H2O(as shown in Figure.4),  Ȥm value above 10 k obey 
the Curie-Weiss law and Weiss paramagnetic Curie temperature of Ϊ=–1.4K.In the magnetic 
measurements of PrFe(C2O4)3·9H2O(as shown in Figure.4),  Ȥm value above 10 k obey the Curie-Weiss 
law with a Curie constant of  C=5.864 cm3·K·mol-1 and Weiss paramagnetic Curie temperature of Ϊ=–
2.7K.The negative T  suggests an overall antiferromagnetic (AF) interactionin the compound, and 
magnetic transition at –2.7K. The negative Weiss constant indicates an intramolecular antiferromagnetic 
coupling interaction between the adjacent Fe(II) and Fe(III) ions through the oxalate bridge[9-10].   
 
Fig. 5.    ȝeff   vs T of the samples[CeFe(C2O4)3·9H2O and PrFe(C2O4)3·9H2O]  
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In temperature dependence of ȝeff curve for  CeFe(C2O4)3·9H2O (as shown in Figure.5), magnetic 
studies reveal that the material is a weak ferromagnet at low temperature. Under a 1 kOe field, the ȝeff 
value of 6.32 PB  at 300 K is typical for high-spin Fe3+ ions with significant orbital contribution.Upon a 
lowering of the temperature, the ȝeff values decrease gradually, reach a minimum of 6.08 PB  at 9.5 K,and 
then increase quickly to a maximum of  6.48 PB  at 3 K. 
In temperature dependence of ȝeff curve for  PrFe(C2O4)3·9H2O (as shown in Figure.5), under a 1 kOe 
field, the ȝeff value of 6.73 PB at 50 K is typical for high-spin Fe3+ ions with significant orbital 
contribution.Upon a lowering of the temperature, the ȝeff values decrease gradually, reach a minimum of 
5.35 PB at 3 K.This kind of behaviour is a characteristic of a antiferromagnetic . 
3.3. Zero-field-cooled (ZFC) and field-cooled (FC) magnetization 
The Zero-field-cooled (ZFC) and field-cooled (FC) magnetization for the samples [CeFe(C2O4)3·9H2O 
and PrFe(C2O4)3·9H2O] were carried out in the temperature range 2-40 K at the external field of 10 Oe. 
The result is presented in Figure 6 and Figure 7.In the magnetic measurements of CeFe(C2O4)3·9H2O, all 
field-cooled curves show a rapid rise in magnetization at lower temperatures.As shown in the inset in 
Figure 6, the bifurcation of the ZFC and FC plots below the Ne´el temperature of 4 K indicates 
irreversibility.The oxalate group has been shown to be an excellent bridging ligand in supporting the 
magnetic exchange interaction[11-12]. 
 
Fig. 6.   FCM and ZFCM vs temperature  for  CeFe(C2O4)3·9H2O.  Fig. 7. FCM and ZFCM vs temperature  for  PrFe(C2O4)3·9H2O 
In the magnetic measurements of PrFe(C2O4)3·9H2O(as shown in Figure.7),  there are a clear 
bifurcation phenomenon of the field-cooled (MFC) and Zero-field-cooled (MZFC) magnetization curves,and 
exhibit strong irreversibility.while the FC curve at high temperature coincides with ZFC curve, then 
separates and increases as the temperature decreases and never reaches saturation. Such behaviour is 
characteristic of the presence of a magnetic moment blocking.The bifurcation of the ZFC and FC plots 
below the Ne´el temperature of 6 K indicates irreversibility.The oxalate group has been shown to be an 
excellent bridging ligand in supporting the magnetic exchange interaction. 
At the same time, the hyperfine field parameters show that the dependent of the hyperfine field and the 
spontaneous magnetization and that of the spontaneous magnetization and temperature in the latticed FeII 
and FeIII.So the difference of the near-neighbor exchange interaction between FeII and FeIII sublattices 
becomes possible[14-16]. 
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4. Conclusion 
We have reported a detailed investigation of  mearth-oxalate-bridged complexes CeFe(C2O4)3·9H2O 
and PrFe(C2O4)3·9H2O. In the sample CeFe(C2O4)3·9H2O, the magnetic susceptibilities of the compound 
can be fit to the Curie-Weiss law and Weiss paramagnetic Curie temperature of Ϊ=-1.4K.There are a 
clear bifurcation phenomenon of the field-cooled (MFC) and Zero-field-cooled (MZFC) magnetization 
curves at the Ne´el temperature (4 K ).In the sample PrFe(C2O4)3·9H2O,the Weiss paramagnetic Curie 
temperature Ϊ=-2.7 K,There are a bifurcation of the ZFC and FC plots at the Ne´el temperature (6 
K ).The negative Weiss constant indicates an intramolecular antiferromagnetic coupling interaction 
between the adjacent Fe(II) and Fe(III) ions through the oxalate bridge.The oxalate group has been shown 
to be an excellent bridging ligand in supporting the magnetic exchange interaction. 
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